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On three-body B decays to charm 
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I briefly describe the use of the three-body decay modes 5° — > D^*'''^ to investigate open issues in 

charmed meson spectroscopy, and of the time dependent B^{B'-^){t) D~ D^tv" transitions for a measurement 
of cos (2/3). 



D(*)-D(*)o^+ and charmed 
MESON SPECTROSCOPY 



Important physical information can be ob- 
tained analyzing nonleptonic many-body B de- 
cays, once clean channels have been recognized 
and selected. Remarkable examples are the three- 
body modes into pairs of charmed mesons and 
a light pseudoscalar meson, for which one can 
attempt a theoretical treatment based on heavy 
quark and chiral light meson symmetries A 
few of such modes have been recently observed. 
Here I consider 



(1) 

(2) 

observed by the BABAR g and BELLE || col- 
laborations with a (preliminary) measurement of 
the branching fractions. Such modes are useful 
for shedding light on open issues of the charmed 
meson spectroscopy; from the theoretical point of 
view, they can be used to assess, e.g., the validity 
of the factorization ansatz. 

The main idea is that the decays (|l|) and @) es- 
sentially proceed through two-body intermediate 
states, B° D^*^~D^, followed by the strong 
transition L'f D^*^^K+ (fig.0), the interme- 
diate being charmed strange mesons. In the 
factorization approach Q], the D^*^~ Df 

amplitudes are expressed as the product of the 
semileptonic B'^ — > D^*^~ matrix element and 
the current- vacuum matrix element. When 
the infinite charm quark mass limit is exploited, 
the only contributions with non-vanishing 
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Figure 1. Polar diagram contributing to the 
modes B° D*- D'^*'>°K+ . The box represents 
a weak transition, the dot a strong vertex. 



current-vacuum matrix elements correspond to 
the states = D* and -D^o (with their radial 
excitations) for B" D*-D°K+, and = £>*, 
Dg and D*-^ (together with their radial excita- 
tions) for i3° D*^ D*°K+ . Analogous selec- 
tion rules hold for B" ^ D-D^*'>°K+. and 
D*i are charmed mesons with — 0+, 1+, re- 
spectively, belonging to the sf = ^ heavy meson 
(sc) doublet, sf being the spin-parity of the light 
degrees of freedom in the meson. Such states are 
still unobserved, therefore it is worth identifying 
suitable channels for individually studying their 
features. 

In order to calculate the amplitudes in fig.|^ 
one needs the effective couplings parametrizing 
the vertices D^K+D;, D^K+Dsq, D*^K+D*, 



1 



2 



D*°K+Ds, D*°K+D*+ (and analogous vertices 
involving radial resonances). In the heavy 
quark limit, all the couplings can be expressed in 
terms of two independent coupling constants, g 
and h for negative and positive parity Df states, 
respectively. This can be shown considering the 
effective QCD lagrangian, with heavy quark spin- 
flavour and light quark chiral symmetries jsj , that 
describes the interactions of heavy negative and 
positive parity mesons with the light pseudoscalar 



mesons: 

The fields Ha in (|) describe the 
qQ mesons with sf = j : 



h.c. 



(0- 



Ha = 



(3) 
(4) 



the operators P*^^ and Pa respectively annihi- 
lating the 1" and 0" mesons of four-velocity v 
(a = u, d, s is a light flavour index). Analogously, 
the fields Sa describe positive parity = ^ 
states: 



Sa 
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The octet of the light pseudoscalar mesons is in- 
cluded in (^) through the field ^ — exp(-— ), 

J TV 



with 
/ 



131 MeV and M given by 
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Moreover, A^ba = ^ {^^d^C - e9^^^)„„ 

It is straightforward to derive the relations of 
9DiDK,gDiD'K and go'D.K to the effective cou- 
pling g, and of go^DK and goi^D'K to h, us- 
ing (^-@. The full widths of the intermedi- 
ate states can also be expressed in terms of g 
and /i, in the approximation of dominance of 
two-body decay modes. The masses of positive 
parity mesons can be taken from theoretical de- 
terminations: mB^Q ~ m£)* = rriY)^ + A, with 
A ~ 0.5 Gey 0. ° 
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The calculation of B ^ D^*^D^ , in the factor- 
ization approach, requires the semileptonic 5° — > 
D^*^~ matrix element and the decays con- 
stant. In the heavy quark limit, the former is 
given in terms of the Isgur-Wise function S,iw, 
while the decay constants fo^ and fu* , as well as 
Jd^o and fo^^ , are simply related . Other pa- 
rameters, CKM elements and QCD coefficients, 
appear in the same combination as in the two- 
body i?" — > D*~D* amplitude, the branching ra- 
tio of which is rather accurately known |^ ; there- 
fore, it is useful to express such combinations in 
terms of the D*~D* branching fraction. 

The contributions to the channels (|f|),@ re- 
lated to the radial excitations of negative and pos- 
itive parity intermediate mesons can be estimated 
to represent less than 15% than the contribution 
of the corresponding low-lying states, using, e.g., 
the approach described in ref.|^. 

The measurement of the ratios B{B'-* 
D*-D°K+)/B{B" D*-D*) and B{B° 
D*-D*°K+)/B{B° D*-D*) §§ constrains 
the effective couplings g and h. The experi- 
mental central values are obtained for {g,h) = 
(0.05,-0.59) and {g,h) = (0.0,-1-0.60). As de- 
picted in fig.^, the allowed regions in the plane 
{g, h) are tightly bounded along the h direc- 
tion, in the range \h\ = 0.6 ± 0.2 compatible 
with the expectations |^, while the dependence 
on g is mild, the range extending over all the 
presently permitted values between <? = 0, the re- 
sult g = 0.59 ± 0.01 ± 0.07 obtained by the CLEO 
collaboration |l^ and the upper bound g < 0.76 
from the ACCMOR collaboration This 
means that the main contributions to the pro- 
cesses in (|l|) are not the 0~ and 1~, Dg and D* 
intermediate states, but the positive parity 0"*" 
and 1+ states Dgo and -D*i, and therefore the 
B" D*-D"K+ and B° D*-D*°K+ de- 
cay modes are well suited for separately study- 
ing the properties of the Dso and D^^ resonances 
by the analysis of Dalitz plots that are expected 
as depicted in fig.§. Broad resonances should be 
observed in the D^*'>'^K'^ invariant mass, with 
T{Dso) ^ 180 MeV and T{D*^) ~ 165 MeV. 
The same structures are expected in the modes 
5" D-D°K+ and 5° ^ D-D*°K+. 

An interesting problem concerns the reduction 
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of the two main uncertainties of the approach, 
i.e. the use of the heavy quark hmit both for 
beauty and charm quarks, and the factorization 
ansatz employed in the nonleptonic matrix ele- 
ments. From the theoretical point of view, a 
quantitative assessment of the role of such ap- 
proximations is a nontrivial task and one has to 
analyze hints from the measurements. The decay 
modes (|l|,§) are different from the processes for 
which factorization has been proved in the infi- 
nite b mass limit Nevertheless, for channels 
of the class we are considering, i.e. color allowed 
B transitions to pairs of charmed mesons, the fac- 
torization model produces results in agreement 
with the available data, within the current ex- 
perimental uncertainties . The approach pro- 
posed here can be considered as a further test of 
factorization for three-body decays. The other 
main uncertainty is the use of the infinite mass 
limit for the charm quark. Finite charm quark 
mass effects can be at the origin of a deviation 
observed in the (preliminary) measurement of the 
branching fractions of (^) with respect to the re- 
sults obtained in the infinite limit. 
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Figure 2. Allowed 1 — ct (continuous lines) and 2 — 
a (dashed lines) regions in the {g, h) plane. The 
vertical lines represent the result in ref.[|l0|, the 
shaded area corresponds to the bound in rcf . . 
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Figure 3. Dalitz plot of D*-D"K+ (up- 

left), D*-D*°K+ (up-right), D-D"K+ (down- 
left) and D-D*°K+ (down-right). Units of s = 
(Pnc)o +PKy and s_ = {p^M- +PkY are GeV^ 



2. B"(SO)(<) - 
PHASE fi 



D+D-TT° AND THE WEAK 



At the B factories, the analysis of the time- 
dependent Dalitz plot of the three-body modes 
B^iW) D-D+TT^ would be useful for the in- 
vestigation of CP violating effects in neutral B 
decays and, in particular, to get new information 
on the weak phase /? [|l5) . This can be easily un- 
derstood, since the time-dependent decay proba- 
bilities of states identified at < = as 5° and B'^ 
respectively read: 

lAiB'^it) ^ D+D-7:"\^ ^ Gois+,s^) 
+Gc{s+, s_) cos(Amt) — Gs{s+, s_) sin(Ami) , 

\A(B"it) ^ D+D-TT°f - Go(s_,s+) 
—Gc{s-,s+) cos(Amt) -|- Gs(s_, s+) sin(Ami)] , 



with 



Gs(s+,s_) 



2sin(2/3)ReG'^(s+,s_) 
2cos(2/3)ImG,(s+,s_) . (7) 



Therefore, through the analysis of B'^{B'^){t) 
D^D^TT^ one envisages the possibility to access 
both sin(2/3) and cos(2/3), and therefore to solve 
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the discrete ambiguity [3 ^ ^ — [3 still present 
in current measurements from, e.g., CP asymme- 
tries m B J/ij{ip{2S), . . .)Ks. This is an im- 
portant issue, if one wants to answer the question 
whether the weak angles measured in experiments 
that test CP violation match the angles that are 
being determined by measuring quantities that 
conserve CP, e.g. the lenghts of the sides of the 
unitarity triangle jl^ . 

The measurement is feasible: various ampli- 
tudes with different strong phases, correspond- 
ing to the decay chain B°(W){t) D+D**- + 
D-D**+ + ...^ D+D-TfO, contribute to the fi- 
nal state producing sizeable interferences in the 
Dalitz plot. The coefficient of cos(2/3) in (|^), 
ImGs, depicted in fig.^ is expected to be dif- 
ferent from zero over a large portion of the 
Dalitz plot, thus allowing the identification of the 
cos(2/3) term. The application of the method to 
other three-body modes has been investigated in 
ref.ra. 
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Figure 4. ReGs(s+,s_) (up) and ImG<;(s+,s_) 



(down) for the transition 
of s± = {pij± + Pt^o)"^ are GeV-^. 
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